trolling for skills. However, given the high degree of correlation between education and skill and the fact that education is typically the mechanism through which one achieves a higher skill level, this paper focuses on education-based wage differentials rather than skill differentials and refers to individuals with more education as highly skilled workers and those with less education as lowerskilled workers.
Figure 1 uses data from this article's analysis to show how the wage gaps between education groups have changed from 1970 to 2000. Guvenen and Kuruscu (2007) find that the overall wage inequality between the college group and the high school group rose only modestly during the 1970s because the between-group inequality was actually falling as within-group inequality was rising. This is consistent with the means plotted in Figure 1 ; the gap between high school and college and the gap between college and more and less than college (between-group comparisons) fell fairly dramatically, but the gap between high school and less than high school and the gap BACKGROUND T here is a clear consensus in the economics literature that the gap in wages between more highly skilled and less-skilled workers has been increasing. Research findings on this topic agree that the gap began to widen considerably in the 1970s (for example, see Piketty and Saez, 2003) . Much of the focus on the growing wage gap is motivated by its implications for income inequality. Whether income inequality serves as an engine of economic growth by providing powerful incentives or acts as a hindrance to economic potential, a clear picture of the driving forces behind its growth is essential to inform the debate.
Much of the literature places the blame for the growing skills wage gap on increasing returns to postsecondary education. Ingram and Neumann (2006) , however, argue that years of education is a weak measure of skill in the analysis of wage distribution and that much more skill heterogeneity exists among workers. They find that the return to years of education remains constant after con-between graduate and college (both could be considered more within-group comparisons) have risen. After 1980, however, the wage gaps between all but one pair of education groups grew, with some moderation of that growth since 1990.
If the labor market can be thought of as two sectors-one that employs skilled workers and one that employs less-skilled workers-the literature suggests multiple supply and demand reasons for the earnings gap growth. The most widely hypothesized reason for the increase in the earnings gap is an increase in demand for skilled workers resulting from technological change, or skill-biased technological change. As industries/ firms increase the adoption of computer-based technologies into their production processes in response, for example, to the decline in the price of technology or the abundance of relatively cheap skilled labor, their demand for skilled workers increases. The "skilled worker" in this case includes those who know how to use the technology and those whose productivity is enhanced by computers. Autor, Katz, and Kearney (2006) find that computerization has not only increased the demand for highly skilled workers (those with abstract thinking-type jobs complemented by computers), but has also decreased the demand for intermediate-skilled workers (those with routine task-type jobs easily replaced by computers). This increase in demand for skilled workerseither ceteris paribus or accompanied by a decline in demand for intermediate-skilled, less-educated workers-will increase the education wage gap.
As the demand for skilled labor increases, the returns to a college education should also increase, which, in turn, should lead to an increase in the supply of educated workers, which should put downward pressure on the skills wage gap. However, the wage gap has continued to increase. Consistent with this observation, Crifo (2008) argues that the increased demand for skill among educated workers results in fewer workers with ordinary skills seeking higher education. The net result is a reduction in the supply of educated workers available to meet the growing demand, Education Wage Gap Over Time thus contributing an additional factor that increases the wage gap. 1 Card and Lemieux (2001) analyze the wage gap between college and high school graduates for younger and older men and find that the education wage gap for older workers has remained relatively stable while the gap among younger workers has risen sharply since the mid-1970s. Their explanation, also consistent with analysis in Topel (1997) , is that the relative supply of young collegeeducated workers has slowed, while that of older college-educated workers has remained steady. Thus, because the current demand for college labor is increasing faster than the supply, wage inequality continues to increase. Lemieux (2006) provides additional documentation that increasing returns to postsecondary education account for most of the growth in wage inequality. Card and DiNardo (2002) , among others, are critical of skill-biased technological change as the source of the growing wage gap (especially since 1980). The primary basis for this criticism is that although technology continued to advance dramatically through the 1990s, the growth in skill-based earnings inequality was much slower than in the 1980s. In addition, researchers have identified a number of alternative potential contributors to the growing wage gap. Some examples include (i) declining unionization, as in Card and DiNardo (2002) , which would result in lower wages among workers in sectors more likely to be unionized-the less-skilled; (ii) the increased labor force participation of women, as in Topel (1997) , which would increase the supply of workers to traditionally lower-paying occupations; (iii) shifts in immigration source countries, as in Topel (1997) , which has more recently increased the supply of less-skilled workers from Latin America; and (iv) shifts in product demand, as in Autor, Katz, and Kearney (2006) . Piketty and Saez (2003) cite a trend in reporting stock options as wages and changing social norms regarding what is an acceptable "high wage" as contributors to the measured growth in the wage gap. Topel (1997) explores a number of potential supplyside contributors to the wage gap and finds that the weight of evidence for the growing gap falls on increasing returns to education for explaining the growth in earnings inequality.
Our paper joins this vast literature in an attempt to contribute a better understanding of the relative contributions of different supply and demand factors in explaining the growing earnings inequality between education levels. The contribution of the analysis in this paper includes using a multitude of data sources in an attempt to capture more of the variation across demand and supply factors that affect workers' wages across educational groups. As Kranz (2006) identified, many previous studies focus on either demand or supply factors. While Kranz's (2006) goal was to exhaust both supply and demand factors in the aggregate, comparing changes in the wage gap across countries, our goal is to do so in an analysis at the individual-worker level.
In addition, contributions of the composition of groups of workers and how their characteristics translate into wages are decomposed not only across groups, but also across time in a fairly straightforward way to directly address the question of the relative importance of different contributors to the changing wage gap. The analysis is at an individual level but incorporates local labor market variations through regressors, such as immigration, mobility, and unemployment rates, at the commuting zone (CZ) level. The advantage of using regressors at the CZ level, as opposed to regressors measured at the metropolitan statistical area or county level, is that this area measure better characterizes the actual labor market in which a worker's wages are determined. For example, in addition to the possibility that immigration status may affect a worker's wage, it is well known that immigrants tend to be geographically concentrated; thus, capturing this labor marketspecific concentration-as well as changes in concentration-might be important in explaining wage differences across education groups.
The analysis herein confirms the previously documented importance of technology in explaining the wage gap growth during the 1980s and 1990s. However, our specification allows us to move beyond this simple conclusion and identify the mechanisms through which technology boosted the wages of both highly skilled and lower-skilled workers.
METHODOLOGY AND DATA
The strategy used to examine changes in the education wage gap over time is a straightforward, reduced-form approach that relates numerous supply and demand factors to the measured change in the wage gap between workers with varying levels of educational attainment. The analysis is at the individual level, which allows for a truly marginal analysis of the impact of the change in each of the factors on the observed change in the wage gap between two periods.
Methodology
The determinants of the measured wage of two education groups (A and B) are estimated in three time periods (1980, 1990, and 2000) . The change in the wage gap (WG) between the two education groups and between two time periods (j and k) can be expressed as
where log wages of worker with education i in time period t are described as (2) where X i t is a vector of demand factors in time t that would be expected to affect the wage of this worker and would typically be measured at the industry, occupation, or CZ level; Y i t is a vector of supply factors (mostly measured at the individual or CZ level); and Z i t is a vector of CZ, institutional, and other characteristics expected to affect the labor market environment in which wages are being determined.
Full descriptions of the regressors and their expected contribution to wage determination are provided in Table A1 (Appendix A). Worker demand regressors include characteristics that describe or are brought to the labor market by employers. Specifically, these include industrylevel investment in computers and computer software, individual-level expected use of computers at work, industry-level value added, and industry and occupation CZ employment shares.
Supply regressors include characteristics that describe or are brought to the labor market by workers. Specifically, these include lagged values of immigrant penetration; demographics such as race, gender, and marital status; human capital measures, which include age and expected home computer use; an indicator for the presence in a CZ of at least one postsecondary institution offering a bachelor's degree; the share of the CZ workforce that is female; and lagged values of CZ population and share of the population with the worker's same level of education.
Institutional characteristics are factors not specifically brought by either employers or workers but which still describe the environment of the labor market. These include the extent of unionization within a worker's industry, the CZ unemployment rate, mobility rate of the population in a worker's CZ, and industry and occupational dummy variables.
The wage gap estimated for each pair of skill groups and years is decomposed as follows: (3) where T = [XYZ] and Ω = [β α δ]′. 2 This decomposition is structured to determine how much of the wage gap growth between years j and k can be explained by changes in the endowments of skill groups (e.g., use of a computer at home, mobility) and how much can be explained by changes in how the respective labor markets value those endowments (differences in estimated coefficients across time). If a term is estimated to be positive, the difference (in college or high school graduates' characteristics between the two years or in estimated valuation of those characteristics) contributes positively to the growing 
Data
The data for the wage gap analysis are from several sources. Details and variable descriptions of data sources can be found in Appendix A. Major data sources include the Integrated Public Use Microdata Series, National Income and Product Accounts, Department of Commerce, National Bureau of Economic Analysis, and the Current Population Survey. The main data source is the Integrated Public Use Microdata Series, from which individual-level data on wages, human capital, demographics, and institutional factors were extracted. We include all workers 18 to 64 years of age. In addition to providing the individual-level wage, education, and other demographic characteristics, these data also provide the CZ-level characteristics included in the regression (the construction of CZs is also described in Appendix A). CZ characteristics are constructed using the same sample of 18-to 64-year-olds. CZ-level characteristics are expected to capture the importance of changing local labor market characteristics in determining changes in the skills wage gap. As pointed out by Autor and Dorn (2008) , this level of aggregation is preferred to using (i) metropolitan statistical areas, which exclude individuals not located in a metropolitan area, and (ii) counties, which reflect artificial geographic boundaries.
Consistent with most of the literature on skills wage gaps or income inequality, such as Lemieux (2006), we make several decisions regarding topcoded and outlier observations (in hours or earnings). Our outlier restrictions are binding on the top end in that it is highly unlikely that top-coded earnings would have survived our outlier restrictions. We drop all observations with reported hours top-coded at 99 hours per week; this amounts to 0.21 percent of the 1980 sample, 0.38 percent of the 1990 sample, and 0.06 percent of the 2000 sample. In addition, using real 2000 dollars, we drop observations if individuals earned less than $1 per hour or more than $1,000 per hour. These restrictions result in a loss of 0.55 percent of the 1980 sample, 0.27 percent of the 1990 sample, and 0.14 percent of the 2000 sample.
Regressors are separated into groups based on the mechanism through which they are expected to affect wages. For example, demand for more highly skilled workers is expected to be related to the increase in employer investment in computer hardware and software. If employment in a worker's industry represents a relatively smaller share of overall employment in the worker's local labor market, it is expected that demand for workers, and thus wages, will be lower in that industry. In addition, increases in immigration that bring a competing skill type to a local market are expected to exert downward pressure on the wages of workers of that skill type. Table 1 presents sample means for the regressors used in the analysis, separated by whether the regressor is expected to capture the influences of demand, supply, demographic, or institutional factors on wages; sample distributions across industries and occupations are also provided.
Clearly, the classification of regressors as supply or demand influences is somewhat arbitrary. Generally, we classify factors that come to the labor market through the worker as supply factors and factors that come to the labor market through the employer as demand factors. The number of observations ranges from roughly 1.5 million high school graduates and 375,000 college graduates in 1980 to 1.8 million high school graduates and 922,000 college graduates in 2000. The characteristics of workers, employers, and CZs have changed over time as might be expected. For example, the amount of money invested by firms in computer hardware and software has increased almost 4 times and 12 times, respectively, between 1980 and 1990 and between 1990 and 2000 , while the probability of workers using computers at work has more than doubled over both time periods. In addition, computer use at home has increased by 56 percent 3 ; education levels overall have increased; the share of the CZ born in Latin America has increased more than the share born in other parts of the world; the population has aged; marriage and unionization rates have declined; and the shares of workers employed in financial activities, information, leisure and hospitality, and professional and business services occupations have all increased, as expected. Recent investigations of the growth in real wages find the greatest growth in the upper portion of the earnings distribution. 4 Only Lemieux (2006) makes a direct link between the upper portion of the earnings distribution and the highest levels of education. Figures 2 and 3 plot normalized hourly wages by worker percentiles and education levels, respectively, to compare the data used in this analysis with those in previous analyses. Figure 2 confirms that the most dramatic growth in wages between 1980 and 2000 (especially between 1990 and 2000) occurred in the upper portion of the wage distribution-among workers in the 99th percentile. Figure 3 illustrates how this growth across the wage distribution translates into growth across education levels. While the growth among workers with a postgraduate degree outpaced growth for workers of lower education levels, the wage gap between the highest and next-highest education level (postgraduate versus college) shrank slightly, while the gap between college graduates and high school graduates continued to grow through 2000. Tables 2 and 3 show the decompositions of changes in the wage gap between college and high school graduates from 1980 to 1990 (Table 2) and from 1990 to 2000 (Table 3 ). Figures 4 and 5 reproduce these results graphically to more easily visualize the relative contributions of changes in endowments of each educational group, contributions of changes in how those endowments translate into wages, and how different groups of regressors (e.g., supply vs. demand) compare with each other. Appendix B contains the estimated parameter coefficients for each year and each education level.
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RESULTS
Relative Contributions of Changes in Endowments and Coefficients
Considering the endowments of workers with different education levels and how those endowments translate into wages, the relative contributions are fairly consistent across the two decades (see Figure 4) . Changes in college graduates' endowments and the labor-market valuation of high school graduates' endowments (the coefficient effect) worked to increase the wage gap during both decades. However, changes in high school graduates' endowments and the changes in the labor-market valuation of college graduates' endowments exerted downward pressure on the wage gap in both decades. The implication is that, overall, both high school and college graduates were increasing their wage-enhancing characteristics (both individual and job-related) during both decades. The increasing endowments among college graduates, however, exceeded those experienced by high school graduates. As discussed in the next section, technology investments and increased computer use were the driving forces behind this greater endowment effect for college graduates.
The declining value of those characteristics (the coefficient effect) also exerted opposing pressures on the wage gap. The decline in valuation was greater among college graduates, particularly in the 1990s, which helps to explain the slowdown in the growth of the wage gap during that decade. As discussed in more detail in the next section, the driving force behind this large negative coefficient effect in the 1990s among college graduates was the significant decline in labor market return to occupational employment share.
Relative Contributions of Demand, Supply, and Institutional Factors
Figure 5 graphically illustrates the relative contributions of demand and supply factors to the changing wage gap between high school and college graduates across the 1980s and 1990s. There are some striking differences. But first we note that the significant contribution of unexplained factors in the determination of the wage gap across both decades is apparent through the size of the contribution of the constant term. An important potential component of the constant term is the change over time in the relative ability of college and high school graduates. Hendricks and Schoellman (2011) present evidence that a fair amount of the growth in the college wage premium can be attributed to the growth in the relative ability (or "quality") of college graduates compared with high school graduates. Such a change in quality is unmeasured and will, thus, be captured only by the constant term. Of arguably greater interest here than the role of unmeasurables, however, is that changes in supply, demand, and institutional factors have had completely opposite effects on the wage gap across the two decades. During the 1980s, demand and institutional factors increased the wage gap, while supply factors, as a whole, exerted downward pressure on the wage gap. The opposite was true for the 1990s-supply factors increased the wage gap, while demand and institutional factors decreased it. The most dramatic reversal was among demand factors. Tables 2 and 3 provide details of the relative contributions.
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Demand Factors. Consistent with the skillbiased technological change literature, the largest single contributor to the wage-gap-enhancing change in college graduates' endowments was the investment by their employers in technology and their use of computers at work, both in the 1980s and the 1990s. 5 At the same time, employers of high school graduates were investing in technology and those workers were also increasingly likely to use computers at work, but these changes were not nearly large enough to offset the growth along this dimension among college graduates, particularly in the 1990s. During the 1990s, however, the change in the use of computers at home (a supply factor) by high school graduates was the single largest contributing endowment factor exerting downward pressure on the wage gap (-0.1240). And this downward pressure slightly exceeded the upward pressure of the growing use of home computers by college graduates (0.1118). Perhaps this reflects that increased computer use allowed high school graduates to catch up in terms of computer-specific human capital, especially since home computer use by high school graduates was essentially non-existent in the 1980s.
Nonetheless, as in Krueger (1993), we find that computer use at work is rewarded more than computer use at home. For college graduates, a 10-percentage-point increase in the probability of using a computer at work translated into a 3 percent, 7 percent, and 9 percent increase in wages in 1980, 1990, and 2000 , respectively (see estimation results in Appendix B). Analogous rewards were 5 percent, 6 percent, and 3 percent for high school graduates. This growing valuation of computer use at work by employers of college graduates (along with the returns workers experience from their employer's technology investments) and the declining (but still positive) valuation of computer use by employers of high school graduates explain why the coefficient effect for technology demand factors is positive for both high school and college graduates in both decades. It also illustrates what others have found: It was not only the increased use of technology among college graduates that translated into faster wage growth, but also the greater translation of technology investment and use into higher wages for college graduates that expanded the wage gap.
The boost to the wage gap from increased technology use and investment between 1980 and 1990 (0.2486) was almost completely offset by downward pressure imposed by changing occupational demand (-0.2340). Between 1990 and 2000, this downward pressure of changing occupational demand is three times larger than the continued upward pressure on the wage gap imposed by changing technology investment and use. This accounts for the bulk of the flip between the 1980s and 1990s in the direction of the contribution of demand factors. As in Autor, Katz, and Kearney (2006), we measure occupational demand as the share of employment accounted for by each occupation; the greater the share of employment in a particular occupation, the greater the demand for workers with those occupational skills. Generally, the empirical results presented here are consistent with the theoretical conclu- Table 3 (-0.3927). At the same time, the analogous coefficient among college graduates decreased from 0.17 to -0.51, putting further downward pressure on the wage gap (-0.5857). Autor, Levy, and Murnane (2003) conclude that technological change caused relative demand shifts favoring educated labor (also see Katz and Murphy, 1992) . The results from the analysis here suggest that the rewards to that shift in demand toward educated labor were primarily flowing to college graduates through the increased use of and investment by employers in technology. This is consistent with Autor, Levy, and Murnane's (2003) conclusions that technological change caused, rather than reflected, the demand shift toward educated labor (as seen here in both the 1980s and 1990s results).
In addition, the growing rewards to high school graduates through increasing occupational share in the 1990s (as opposed to primarily through technological change) are consistent with Autor, Katz, and Kearney's (2006) evidence of a polarization of the labor market in the 1990s; the marginal productivity of manual task input (supplied by less-educated workers) is complementary with a rise in routine task input (supplied primarily by lower-cost computer capital). There is very little evidence here of this effect in the 1980s, which is, again, consistent with Autor, Katz, and Kearney's (2006) monotonic shift in occupational demand during that decade. The relatively innocuous impact of the changing industrial employment share is consistent with the findings of Wheeler (2005) and Katz and Murphy (1992) that rising inequality within industries is more important than rising inequality between industries in explaining the growing education gap in both decades.
Hotchkiss and Shiferaw F E D E R A L R E S E R V E B A N K O F S T. LO U I S R E V I E W
Supply Factors. During the 1980s, supply factors, as a whole, put downward pressure on the wage gap. The most significant supply factor driving the growing education wage gap during the 1980s was the valuation of demographics (-0.3137), most notably the valuation of demographics of college graduates (-0.2476), the largest contributor to which was age. Between 1980 and 1990, the oldest of the baby boomers were entering their 40s, with the youngest baby boomers graduating from college and entering their 20s. In addition, increasing numbers of workers with a college degree were entering the workforce (although at a decreasing rate; see Card and Lemieux, 2001 ). The net result, it appears, was that earlier college-educated boomers were facing significant competition as the youngest of their cohort began graduating from college, putting downward pressure on college wages-thus, the wage gap.
The largest supply factor contributing to the wage gap change during the 1990s was computer use at home (0.1438). Even though high school graduates increased their computer use slightly more than college graduates during this decade, the increased use gave a much larger boost to college graduates' wages (a 0.3045 contribution to the wage gap change) than to high school graduates' wages (a -0.1485 contribution to the wage gap change), making for a net positive contribution to the wage gap. This may be because high school graduates were increasingly less likely to apply their newly acquired computer skills on the job. This accounts for the bulk of the flip between the 1980s and 1990s in the direction of the contribution of supply factors.
Another significant supply factor change is the share of workers with the same education level (lagged) in the individual's CZ. 6 Changes in this factor were relatively unimportant in the 1980s but contributed a relatively significant share to wage gap growth in the 1990s. Changes in both the endowment and coefficient effects related to this factor contributed to its sizable contribution. First, college-educated workers became more geographically concentrated and high school graduates became less geographically concentrated (endowment changes). Second, being located in a CZ with a large share of workers with the same skill level was increasingly a bonus for college graduates but became a penalty for high school graduates-a continuation of the decline in return to this characteristic that was also seen between 1980 and 1990. This result is consistent with the finding of others, such as Giannetti (2001) and Hotchkiss, Pitts, and Robertson (2008) , that once a workforce has a large enough concentration of highly skilled workers, the workers themselves benefit from the rents generated by skill complementarities. This finding also suggests that the supply effects found at an aggregate level by Card and Lemieux (2001) (fewer available collegeeducated workers boosts their wages) do not necessarily trickle down to the individual level; an individual college graduate captures rents from locating in a labor market with others of the same education level, ceteris paribus.
While Topel (1997) found that the percent of the labor force that is female did not have much impact on growing wage inequality, decomposing that supply factor into endowment and coefficient effects highlights a notable shift from the 1980s to the 1990s. Between 1980 and 1990, the coefficients on the share of the workforce that is female changed from negative (more females in the labor force put downward pressure on wages) to positive. This had the effect of raising both college and high school graduate average wages (making the college graduate coefficient effect for this regressor positive and the high school graduate coefficient effect negative).
In contrast, between 1990 and 2000, the coefficients on the percentage of the CZ labor force that is female declined for both college and high school graduates, making the impact of the change just the opposite of what occurred during the previous decade. Much has been made of highly educated women "opting out" of the labor force during the 1990s (for example, see Hotchkiss, Pitts, and Walker, 2010) . If this took the form of women working fewer hours or in jobs requiring less skill, this opt-out phenomenon could be contributing to the dramatic downward pressure on the wage gap from the percent of the CZ labor force that is female.
Topel (1997) also found that immigration was not particularly important for explaining growing wage inequality during the 1980s. We also found this to be the case for both the 1980s and the 1990s, likely because of the small fraction of the workforce made up by immigrants.
Institutional Factors. Changes in factors that we categorize as institutional increased the wage gap between 1980 and 1990 but decreased the wage gap during the 1990s. Institutional factors are those characteristics that describe the labor market and differ from the characteristics brought to the labor market by employers and workers. Card and DiNardo (2002) point to declining unionization as a major contributor to the growing wage gap between education groups. However, in addition to being a relatively minor contributor in this analysis, controlling for other wage-determining factors at the individual level results in the contribution of unionization (both the change in unionization rates and the change in return to unionization) exerting downward pressure on the wage gap during both decades, although the impact of that downward pressure was much smaller in the 1990s.
Changes in mobility worked in favor of high school graduate wages in the 1990s but had little impact on the changing wage gap in the 1980s. In 1990, there appears to have been a wage penalty for working in a CZ with high levels of mobility for both college and high school graduates, although the penalty was greater among college graduates. In 2000, that penalty became larger for college graduates but became a bonus for high school graduates-hence the fairly significant downward pressure on the wage gap. It was also in 2000 that the return to being employed in an occupation with a high employment share increased significantly for high school graduates. The increasing return to mobility may reflect a degree of flexibility among high school graduates that allowed them to take advantage of increased demand for the occupations in which they are employed.
One might also expect to find lower average wages in CZs with an abundance of slack labor. The positive coefficient on the unemployment rate, however, is consistent with the presence of sticky wages (for an example, see Gottschalk, 2005 ). For any given equilibrium level of wages (characterized by all of the other regressors included in the estimation), the higher the unemployment rate, the higher the observed wage in that labor market is likely to be (the higher the observed wage is above the equilibrium wage). This is not an estimated causal relationship between unemployment and the wage level, but rather, merely a cross-sectional correlation holding all other labor market characteristics constant. The result does not invalidate the frequently replicated negative relationship between wage growth and the unemployment rate (for example, as seen in Aaronson and Sullivan, 2001 ).
SENSITIVITY ANALYSIS
One of the main points of the analysis in this paper is that focusing on just one potential contributor to the change in the education wage gap over time runs the risk of biasing the conclusions. This section illustrates just how sensitive the decomposition is to exclusions of various regressors. Three alternative specifications are estimated: (i) excluding the industry and occupation dummy variables, (ii) excluding the technology demand variables, and (iii) excluding all CZ-level regressors. The resulting changes in the decompositions across specifications are illustrated (along with the baseline decompositions) in Figures 6 and 7 .
With only one exception, none of the different specifications altered the relative contributions of changes in endowments and coefficients ( Figure 6 ). Although the individual terms in the decomposition differed in size from the base specification, the relative contributions reflected in the baseline decomposition remained unchanged. The exception was the relative contributions of endowments and coefficients to the observed change in the wage gap between 1990 and 2000 when CZ-level variables are excluded from the analysis; the overwhelming source of the difference in this case is the increase in the unexplained portion of the valuation of endowments among college graduates-as reflected in the estimate of the intercept term. Removing technology demand from the estimation considerably decreased the changes in the contribution of endowments of both college graduates and high school graduates in both decades. The most dramatic effect was the reduction of the change in the valuation of endowments of college graduates during the 1980s.
Removing the industry and occupation dummy variables primarily affected the contribution of the industry and occupation CZ employment shares. This change in contribution manifested itself through an increase in the relative contribution of the CZ occupation employment share to a growing wage gap. This, in turn, reduced the growing advantage of high school graduates over college graduates in demand for their occupational fields. This pattern of change was the same across both decades (see in Figure 6 how the gray section of the second bar in both panels is smaller than the gray section of the first bar). The implication is that excluding occupation and industry fixed effects would have resulted in underestimating the complementary role that demand for high school graduates' skills (as measured by demand for occupational shares of high school graduates) played as the demand for technological skills increased.
The motivation for removing the technology demand factors was to determine which other factors would take the place of this dominant influence on the change in the wage gap. The primary effect of removing technology demand factors was an increase in the relative contribution of supply factors to the growing wage gap. This occurred primarily through an increased contribution of technology supply (see how the blue section of the third bar of both panels in Figure 7 compares with the blue section of the first bar; it is a smaller negative contribution in panel A and a larger positive contribution in panel B).
Excluding CZ-level regressors had a differential effect in the 1980s and 1990s. In the absence of CZ regressors in the 1980s, the contribution of demand factors to the wage gap increase (the white section of the fourth bar in panel A of Figure 7 ) was reduced significantly, compared with the baseline, primarily through the reduced importance of industry and occupation employment shares. In the 1990s, the contribution of supply factors to the wage gap increase (the blue section of the fourth bar in panel B of Figure 7 ) was significantly reduced, compared with the baseline, mainly through the reduced importance of home computer use. The increase in the contribution of the intercept was largest in this specification across both decades.
For the most part, with the exception of excluding CZ-level regressors, the relative contributions of changes in endowments and coefficients remain the same across different specifications. However, the relative contributions of supply and demand factors do change in fairly significant ways. Of course, those changes are partially dependent on the categorization of regressors into supply and demand influences, but once there is agreement on that point, it is clearly important to include as many measures as possible of potential influence. It is particularly important to include measures of geographic differences across education groups and time when trying to identify primary contributors to the changing wage gap. 7
CONCLUSIONS AND IMPLICATIONS
The analysis in this paper provides a thorough reduced-form investigation of the relative contributions of supply and demand factors to the growing wage gap between high school and college graduates during the 1980s and the 1990s. Most importantly, the analysis identifies the mechanism through which technological change boosted wages of both groups of workers in each decade. Specifically, in both decades wage gains from increased demand for college graduates flowed through their increased use of technology (and technological investments by their employers), rather than from merely an increase in demand for educated workers. However, the main rewards from technology to high school graduates flowed through increased demand for their particular skills (which are theorized to be complementary to technological advancements), rather than through the use of technology itself. These results provide empirical evidence in support of the theoretical arguments of Autor, Katz, and Kearney (2006) that the labor market of the 1990s experienced a polarization; the marginal productivity of manual-task input (supplied by less-educated workers) is complemented by a rise in routinetask input (supplied primarily by lower-cost computer capital).
In general, the results are mostly consistent with those in the previous literature; however, the individual-level analysis in this paper provides an advantage over some aggregate analyses. For example, whereas Card and Lemieux (2001) found that reduced aggregate supply boosted wages of college graduates, the results here indicate that the marginal effect of a growing concentration of college graduates (increased supply in a geographic area) had an increasingly positive impact on college wages over the two decades, consistent with evidence of rents generated by skill complementarities, as found by Giannetti (2001) .
The analysis also demonstrated that supply and demand wage-determining factors had opposite effects in the growth of the wage gap during the 1980s and 1990s; however, changes in endowments of workers with college degrees were largely responsible for the increasing wage gap in both decades. Consistent with the skill-biased technological change literature, technological changethe increased investments in technology and computer use by workers (both college and high school graduates)-was the single largest contributing endowment change that affected the wage gap across both decades, even after controlling for as many other demand, supply, and institutional factors as possible.
In addition to contributing to our overall understanding of the dynamics of the wage gap between workers of different education levels during the 1980s and 1990s and the roles that supply and demand factors in each decade played in determining the wage gap, the analysis in this paper provides an even more general lesson. Focusing on only one factor in a complicated market process runs the risk of losing perspective of that factor's relative importance in the determination process or missing the impact of that factor's interaction with other market forces. The sensitivity analysis demonstrated the importance of including as many measures of potential influence as possible when trying to identify sources in the changing wage gap, particularly measures of geographic differences across education groups.
APPENDIX A Variable Descriptions and Data Sources
Variable Descriptions and Data Sources Overview
The data used for the analysis in this paper are from a number of sources. The primary data source is the Integrated Public Use Microdata Series (IPUMS) and was obtained from the Minnesota Population Center at the University of Minnesota. Commuting zone (CZ)-level regressors are constructed using the individual-level data in the IPUMS. In particular, average demographics and labor market characteristics are constructed based on CZs with data from the IPUMS.
Data for industry-level investment in technology are obtained from the National Income and Product Accounts (NIPA). Data for industry value added, designed to capture overall product demand-and thus worker demand-also come from NIPA.
Data for computer use at work and home and unionization by industry are obtained from the Current Population Survey (CPS). Data from the National Center for Education Statistics (NCES) are used to obtain zip codes for all institutions of higher learning, which are then mapped onto CZs. Detailed descriptions and sources of all variables used in the analysis are provided in Table A1 . Measures an individual's use of a computer at work. A reduced-form OLS CPS Computer and model is estimated using the CPS to determine a person's probability of using Internet Use a computer at work. The parameter estimates are then applied to the IPUMS Supplement to obtain a predicted probability of an individual using a computer at work. The earliest CPS survey of computer and Internet use was conducted in 1984; this supplement is used as a proxy for computer use in 1980.
VA j
Industry-specific value added, measured as the dollar value of output minus NIPA the value of intermediate inputs. Expected to capture total derived demand for workers.
EmplShare kj
Share of total workforce in CZ k that is employed in the worker's industry j IPUMS EmplShare ki (occupation i). Expected to capture local labor market demand for employment across industries.
Supply factors comhome i
Measures an individual's use of a computer at home. A reduced-form OLS CPS Computer and model is estimated using the CPS to determine a person's probability of using Internet Use a computer at home. The parameter estimates are then applied to the IPUMS Supplement to obtain a predicted probability of an individual using a computer at home. The earliest CPS survey of computer and Internet use was conducted in 1984; this supplement is used as a proxy for computer use in 1980. Education NCES mapped onto the CZ. Other work has used a dummy variable indicating the presence of a land-grant university only (see Nervis, 1962, and Moretti, 2004 Expected to capture occupation-and industry-specific determinants of wages not otherwise controlled for.
Method for Assigning Commuting Zones to Individuals
Data on CZs are extracted from the IPUMS. The original data were constructed by Tolbert and Sizer (1996) , who used 1990 Census data on journey-to-work county commuting flows to construct 741 CZs (clusters of counties with strong commuting ties). We use the same (1990) definition of CZs for all analysis years (1980, 1990, and 2000) for a consistent definition of a labor market area throughout our analysis.
A CZ is assigned to an individual in the sample by matching CZs to either public use microdata (PUMA) for 1990 and 2000 or a similarly defined county group (CNTYGRP) for 1980. Because each PUMA or CNTYGRP can contain multiple CZs, we use the following method to assign each observation in a PUMA or CNTYGRP to a CZ (similar to the method used by Autor and Dorn, 2008 ):
(i) The CZ dataset is merged into the IPUMS dataset that contains PUMA/CNTYGRP by county federal information processing standards (FIPS) codes.
(ii) Depending on the year, between 68 and 82 percent of CZs are matched exclusively to one PUMA or CNTYGRP. In 2000, 1,677 of the 2,052 PUMAs (82%) match to a single CZ. In 1990, 1,348 of the 1,726 PUMAs (78%) match to a single CZ. In 1980, 788 of the 1,154 county groups (68%) match to a single CZ.
(iii) When the match between CZ and PUMA/CNTYGRP is not exclusive, a random assignment strategy is used to distribute the PUMA/CNTYGRP population across the appropriate CZs.
(a) Population weights are created for each CZ within a PUMA or CNTYGRP. The weights are equal to the share of the PUMA or CNTYGRP population in each CZ.
(b) Each IPUMS observation within a PUMA or CNTYGRP is assigned a value from a uniform random variable distribution.
(c) Each person is then assigned a CZ based on the CZ's population share weight and the person's uniform distribution value. For example (see diagram below), if PUMA 1's population is distributed across CZ l (10 percent), CZ m (30 percent), and CZ n (60 percent), then individuals from PUMA 1 with a uniform draw between 0 and 0.10 will be assigned to CZ l; individuals with a draw between 0.10 and 0.40 will be assigned to CZ m; and the remaining population is assigned to CZ n. 
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